Based on observed data and data simulated by climate models, temporal variation and spatial distribution of precipitation in China from 1961 to 2050 were investigated. The slope of annual precipitation and Mann-Kendall statistical test were applied to quantify the trend magnitude and detect the significant trend, respectively. Besides, decadal and interannual variations of different rain belts were analyzed to reveal the spatial changing pattern of precipitation. Results indicated the following. (1) During 1961-2011, annual precipitation in Haihe River Basin decreased significantly while the annual precipitation in river basins in the northwest increased significantly. Although the annual precipitation of Yangtze River Basin has an indistinctive decreasing trend, that in the middle and lower reaches has increased and that in the upper reaches has decreased. Arid zone and humid zone are shrinking while semiarid and semihumid zone are expanding. Transformation between semiarid and arid zones, humid and semihumid zones is frequent. During 2011-2050, annual precipitation will not change much (−6∼12%) except river basins in the southwest (more than 40%) compared with the baseline. Besides, the area of arid zone will decrease and humid zone area will increase. Transformation area between semiarid and arid zone and humid and semihumid zone is small.
Introduction
Precipitation is one of the key factors in climate system and hydrometeorology. In the context of climate change, due to changes in atmospheric circulation caused by increasing global surface temperature, pattern of precipitation and water-holding capacity throughout the atmosphere are very likely to change [1] . Overall, precipitation has increased by about 2% worldwide since the beginning of the 20th century [2, 3] . The increase is statistically significant, though neither spatially nor temporally uniform [4, 5] . Impacts of global warming on climatic system will continue in the near future. Arid region will receive even less precipitation while humid region will receive even more precipitation [6] . China is vulnerable to climate change impact and regional difference in precipitation is one of the major features of China's climatology. Changing trend of annual precipitation of China is not statistically significant in the recent 100 years and 50 years, but big decadal and interannual fluctuation exist [7] . Changes in precipitation pattern may lead to floods, droughts, and loss of biodiversity and agricultural productivity which will bring out even worse impacts on social economy of China [8] . Therefore, research on spatial and temporal changing trends of precipitation both in the present and in the future is important for water resources management and appropriate adaptation strategies making. Many studies have investigated the changing trends of precipitation in China. Liu et al. investigated the precipitation change in the Yellow River Basin (YRB) during 1960-2006 and it showed a decreasing trend in most of the precipitation stations [9] . The study performed by Chen et al. found that the precipitation variability was low in Yangtze River Basin and annual precipitation change was not statistically significant [10] . Liang et al. analyzed the precipitation variability in Northeast China from 1961 to 2 Advances in Meteorology 2008 and the results showed that the annual precipitation decreased from the southeast to the northwest during the study period [11] . Even though these findings can help provide rational regulatory and managerial policy in relation to water resources to maintain the health of the various ecosystems, limitations still exist in the above studies. First of all, China has huge national territorial area and is located in several different climatic zones, mainly influenced by monsoon. Different climatic zones are controlled by different atmospheric circulation and are responding differently to global climate change. Recent studies mainly focus on specific basins of China, lacking systematic analysis on annual precipitation variation on nation scale. Secondly, most researches focus on historical change of precipitation; changing trend of projected precipitation in the context of future climate change has not attracted much attention. Nowadays, coupled climate models have become a strong basis for analysis and projection research on future precipitation under different emission scenarios. What is more, more attention has been paid to the temporal changing law of annual precipitation than spatial changing law. Less research on rain belts shifting characteristics has been done.
The objective of this paper is to analyze the long term (1961-2050) spatial and temporal trends of annual precipitation in China with the observed and simulated daily precipitation data. The slope of annual precipitation and MannKendall statistical test were applied to quantify the trend magnitude and detect the statistical significance of changing trend, respectively. By analyzing the decadal and interannual variation of four types of regions (humid zone, semihumid zone, semiarid zone, and arid zone), spatial changing characteristics of precipitation were illustrated. It is expected that this study will help understand regional hydrologic behavior over the last several decades and the near future in China.
Materials and Methods

Study Area.
China is located in the east of Eurasia, west coast of the Pacific Ocean, subtropical zone of the north hemisphere, and midlatitude region. Due to land-sea thermal differences, pressure centers of upper and lower atmosphere change with the iteration of the four seasons. Besides, Tibet Plateau has great impact on the transmission of upper air. All these factors have resulted in the complex monsoon and different climate types in China. There are four climate zones from northwest to southeast: arid zone, semiarid zone, semihumid zone, and humid zone. There are ten big basins in China: Songhuajiang River Basin, Liaohe River Basin, Haihe River Basin, Yellow River Basin, Huaihe River Basin, Yangtze River Basin, river basins in the southeast, Pearl River Basin, river basins in the southwest, and river basins in the northwest (Figure 1 ).
Annual precipitation in China has an uneven spatial distribution. Precipitation features are significantly different between the north and the south. Annual mean precipitation is more than 800 mm in the basins of the south, in which Pearl River Basin and river basins in the southeast can receive more than 1500 mm of annual precipitation. Except for Liaohe River Basin, all the other basins in the north part of China receive less than 600 mm of annual precipitation. The annual precipitation of river basins in the northwest is the lowest, with only about 150 mm. Difference of precipitation between different basins is one of the main reasons causing the uneven distribution of water resources of China.
Data.
Observed precipitation data is selected from China's Ground Precipitation 0.5 ∘ × 0.5 ∘ Gridded Dataset (V2.0) established by the Meteorological Records Office of the National Meteorological Information Center of China (http://www.cma.gov.cn/2011qxfw/2011qsjgx/). This dataset is based on the daily precipitation records of 2474 national meteorological stations. Partial Thin Plate Smoothing Splines were used to do spatial interpolation [12, 13] . In the meantime, impacts of topography on precipitation are also taken into consideration to make sure that the spatial distributions of interpolated precipitation and actual precipitation fit with each other [14] (Table 1) .
Future daily precipitation of this research comes from five global climate models (GFDL-ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, and NorESM1-M) provided by ISI-MIP (Inter-Sectoral Impact Model Intercomparison Project) (http://www.isi-mip.org) [15, 16] . Time range of precipitation data is from January 1, 2011, till December 31, 2050, and spatial resolution is 0.5 ∘ × 0.5 ∘ . This set of data was linearly interpolated and bias-corrected which is more accurate than the original data. This research selected scenario RCP4.5 (Representative Concentration Pathway 4.5) to analyze.
Precipitation
Zoning. In China, 800 mm precipitation isoline goes from Qinling-Huaihe River to the southeast rim of Tibet Plateau. In the east and south side of this isoline, annual precipitation is usually more than 800 mm and this area is humid zone. In the west and north side of this isoline, annual precipitation is usually less than 800 mm and Zoning number I II III IV Annual precipitation (mm) <400 400-600 600-800 ≥800 this area is semihumid zone. 800 mm precipitation isoline goes through Greater Khingan Range-Zhangjiakou-Lanzhou-Lhasa-east part of Himalaya Mountains, and this isoline is also the boundary between semihumid zone and semiarid zone. 200 mm precipitation isoline goes through the west part of Inner Mongolia Autonomous Region, west part of Hexi Corridor, and Northern Tibetan Plateau, and this isoline is also the boundary between arid zone and semiarid zone. According to annual precipitation, this paper divides China into four zones listed in Table 2 . Temporal and spatial variation of historical and projected annual precipitation in each zone were analyzed ( Figure 2 ).
Mann-Kendall Trend Test.
Mann-Kendall (MK) statistical test [17] is used to analyze the changing trend and to test the significance. MK test is a nonparametric and rank-based approach. Compared with parametric methods, MK test is less sensitive to outliers. This method is widely used in the field of hydrology and climatology [18] [19] [20] .
The test statistic was established:
where is the length of the data sequence and is the allelomorph of the random sequence. If is positive, the sequence has an increasing trend, if is negative, the sequence has a decreasing trend, and if | | > = 1.96 while the significance level is = 0.05, then the sequence has passed the significance test with a significant changing trend [21] .
Linear Regression Analysis and the Slope.
In this research, we use least-squares fitting method to estimate the magnitude of value in terms of linear trend. The linear trend of the data sequence can be calculated by this method and can be expressed by the linear regression equation as follows [22] :
where is the estimated trend of data sequence. If > 0, it means that the value has an increasing trend in the study area during the study period, whereas if < 0, it means that the value in this area has a decreasing trend in the study area during the study period [23] . Parameter can be calculated via the following equation:
where is the number of whole study years and is the value in the th year. decreasing rate in these areas can be more than 20 mm/10a. The decreasing trend in Mintuojiang River and Jialingjiang River of the Yangtze River Basin and the Nanpanjiang River and Beipanjiang River of the Pearl River Basin is statistically significant. The increasing trend is big in Qiangtang interior tableland of the river basins in the southwest and lower reaches of the Yangtze River Basin (such as the main stream below Hukou). The increasing trend in most areas of river basins in the southwest passed the significance test at = 0.1. II and III are both increasing ( II = 2.38 > 1.96, III = 2.31 > 1.96) ( Figure 6 ). So it can be seen that, during 1961-2011, the areas of arid zone and humid zone were shrinking while the areas of semiarid and semihumid zone were expanding. Transformation area between different types of zones in each decade was calculated ( Figure 7) . The results showed that the expansion of semiarid zone was caused by the transformation from arid zone to semiarid zone. Although some of the semihumid zones transformed into semiarid zones, the transformed area from humid zone to semihumid zone is much more than that, thus leading to the expansion of semihumid zone. It can thus be seen that, during 1961-2011, the north of China (arid zone, semiarid zone, and semihumid zone) was turning from arid to humid, while the south of China (humid zone) was turning from humid to arid. In a certain phase, active area is the area where a certain class appeared one or more times. Figure 8 shows the spatial distribution of active area and stable area of each zone (types I∼IV) in each decade. Table 3 shows the active area and stable area of each zone (types I∼IV) in each decade. Analyzing Figure 8 and Table 3 , it can be seen that, for zones I and IV, Advances in Meteorology the ratio between stable area and active area stays at about 1 : 1. The stable area of zone I is mainly located at the Tarim region and Hexi Corridor region of river basins in the northwest. But since the 1970s, stable area of zone I began to decrease. The stable area of zone IV is mainly located at the south of Yangtze River. Although precipitation of the south of China decreased to some degree, the stable area always remains at 20% of the total area; that is, spatial distribution of precipitation in China (the north of China receives less precipitation while the south of China receives more precipitation) has not changed fundamentally. The stable area of zones II and III is comparatively small, which is about 1.8% and 7.0% of the total area of China, respectively, while the active area of zones II and III is 38.8% and 39.9% of the total area of China. As a result, the areas of semiarid zone and semihumid zone in the south of Yinshan Mountain and Qilianshan Mountain, east of Great Khingan, and north of Qinling Mountains have large interannual change.
Results and Discussion
Temporal Variation of Historical Annual Precipitation.
Spatial Variation of Historical
Temporal Variation of Future Precipitation.
In RCP4.5, future precipitation in each basin was projected by GFDL-ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, and NorESM1-M and it was shown in Figure 9 . Compared with the annual precipitation of baseline (1961∼1990), annual precipitation in river basins of the northwest will have the largest decrease (−12.9∼−1.1%), while that in river basins of the southwest will have the largest increase (42.4∼50.4%). For Songhuajiang River Basin, Huaihe River Basin, and river basins in the southwest, all five climate models projected that the precipitation will increase. The mean increase values of five climate models are 6.9%, 11.6%, and 45.9%, respectively, for these three basins. For the Yellow River Basin and Pearl River Basin, all five climate models projected that the precipitation will decrease. The mean decrease values of five climate models are −5.7% and −4.9%, respectively. For Liaohe River Basin and river basins in the northwest, projected annual precipitation will change by 9.0% and −7.8% (mean value of five climate models), respectively (four climate models have the concordant result except for one climate model).
Projected annual precipitation in Haihe River Basin, Yangtze River Basin, and river basins in the southeast differs with different climate models, having big uncertainty. On the whole, except for river basins in the southwest, projected annual precipitation will not change a lot in other basins. The mean value of changing range is about −6∼12%. Figure 10 shows the projected annual precipitation distribution of different climate models. Annual precipitation in the northwest and southwest will change a lot: the annual precipitation in Tarim River Basin will decrease by more than 25% while that in Qiangtang interior plateau, Brahmaputra River Basin, and southern Tibet area will increase by more than 25%. Annual precipitation in Northeast China, North China, Central China, and South China will have smaller (−25∼25%) change in most places.
Spatial Variation of Future Annual Precipitation.
With the baseline of 1961-1990, the projected area change of each class was analyzed. It can be seen from Figure 11 that different climate models will result in different projections: only in a few years will the five selected climate models have accordant projections. The assembled mean value of multimodels shows that the area of zone II will have a decreasing trend to some degree while the area of zone IV will have an increasing trend to some degree. Table 4 shows the change of multiyear annual mean area of each type of zone during 2011-2050 compared with that of the baseline. The multiyear annual mean area of zone II will decrease by 6.13% compared with that of the baseline while the multiyear annual mean area of zone IV will increase by 4.47%. That is to say, the area of semiarid zone will decrease to some degree while the area of humid zone will increase to some degree. Different climate models have different projections on the area change of zone I and zone III. Spatial distribution of stable area and active area of zones I∼IV during the projection period is similar to that during 1960s∼2000s: the stable areas of zone I and zone IV are mainly located in the river basins of the southwest and south of Yangtze River, respectively; the stable area of zone II and zone III is comparatively small. During the projection period, the decadal mean value of the stable area of four types of zones will increase to a certain degree compared with the baseline (decadal mean value of 1960s∼1990s). The stable areas of zone I, zone II, and zone III will increase by 12.5∼27.1%, 77.6∼200.3%, and 8.6∼69.0%, respectively, and all the five selected climate models have got concordant results. The stable area of zone IV will change by −6.3∼17.0% compared with that of the baseline in which only GFDL-ESM2M gave decreasing results while other models gave increasing results ( Table 5 ). The increase of stable area in zone I means that the projected annual precipitation in the northwest of China will have persistently low precipitation. Although the stable areas of zone II and zone IV have big relative increase, the absolute increase is not big because the stable area is small itself. The increase of the stable area of zone IV means that the precipitation of the south of China will be at a high level (Figure 12 ).
Conclusions
Based on the observed precipitation data during 1961-2011 and projected data of climate models during 2011-2050, this paper analyzed the spatial variation of historical and future precipitation. During 1961-2011, precipitation in Haihe River Basin decreased significantly. What is more, socioeconomic development also added great pressure on the water demand in Haihe River Basin. These two factors caused the imbalance between water supply and water demand, leading to a series of problems of aquatic ecology and environment. Annual precipitation in the Yangtze River Basin decreased but not statistically significant. However, significant difference between the upper reaches and lower reaches occurred in Yangtze River. In the middle and lower reaches of the Yangtze River, annual precipitation has increased widely; the annual precipitation in the upper reaches has decreased a lot and the decreasing trend was statistically significant in most places. This could bring about negative effects on the ecosystem in the upper reaches of Yangtze River, which could bring about further negative impacts on the establishment of ecological barrier in the upper reaches. River basin in the northwest is the only basin in the north of China where the annual precipitation has increased. Undoubtedly, this will do good to the improvement of ecoenvironment in the northwest of China. Besides, arid zone and humid zone are shrinking while the semiarid zone and semihumid zone are expanding: area of semiarid zone and semihumid zone in the south of Yinshan Mountain and Qilian Mountain, east of Great Khingan, and north of Qinling Mountains had big decadal variation. That is to say, the transition between semiarid zone and arid zone and humid zone and semihumid zone was more frequent in the climate transition zone.
In the scenario RCP4.5, annual precipitation in the ten big basins of China will not change much except for river basins in the southwest. Annual precipitation in the river basins in the northwest will decrease to a large degree with significant regional difference: annual precipitation will have increasing trend in the river district of interior zone of Inner Mongolia, river district of interior zone of Hexi, and interior zone of Qiangtang Plateau while the annual precipitation will have decreasing trend in the Tarim River Basin. River basins in the southwest will have large increase of annual precipitation, especially in the Brahmaputra River and southern Tibet. Different climate models have different projections. Projections in the Songhuajiang River Basin, Huaihe River Basin, and river basins in the southwest have good concordance: all five climate models gave increasing projections. On the contrary, climate models have big uncertainty in Haihe River Basin, Yangtze River Basin, and river basins in the southeast. The area of semiarid zone will decrease and the area of humid zone will increase to some degree in the future. Besides, spatial distribution of stable area and active area in each type of zone will remain similarly as in the past. The stable area in all the four types of zones will increase to some degree compared with the baseline; that is, the transition area between semiarid zone and arid zone and humid and semihumid zone in the climate transition area will not be big in the future. Arid zone may see more dry days while the humid zone may see more humid days.
